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ABSTRACT

We describe ● mulexparmeter data-acquislcion progrem that is h~ghly flexible ●nd yut prov~de~

optmm mxchlcte code for each individual set of sorting cond~tione. An Event Anelyeic
@rSuag@ (EVAL) compiler ● llows che ueer full control ovar the handling 7 ●ve~te ●nd ploduces

code which rune G-6 ci=es faster than ● ~enarallxed proSr-. We have integrated this techniqu~
into the Iao Al~oe Phyolcs Dlvielon daLa ●cquisltiorr oyetm for hxgh-opeed oorcing of s wide
variety of input dmca from CANAC or m~grrcctc tspe. The EVAL cmpll-r is written in FORTRAN for
ffOOCONP co=puter~, but cm be ●aeily nod~fled for other syotega.

1. INTRODUCTION

FVAL IS en event enalyelo progr~ used for data ●cqul-
slcion ●nd for cortlng ●vane capen. The bas~c Ides
●xploiccd by EVAL ic chat sortin~ mult~parmeter data
conoioto of ■ arry repetlciono of ● cingla sorting ●lSor-

Ithm. If ● languqt could be deflrred to ●asily dea-
cribt such ●lqorichc. ● ctmpller could be written
which muld pruduce optlmm machine code fnt ● ach in-
dividual ●ec of oortirrx conditions. lltiB ● llt-ws the
uaar full control ovar the hsndllns of cha events mrd

produces code which run~ ● uch faecer than ● generallxed
progra. KVAL wae originally devmlopedl for sorL1nS
●vents f.a magnocic cape. Me detcribe hare it. ●xcerr-
● lon CO on-llne dscs ●cquiei[lon

Orrc Way to contider KV_i ie ● s s pro~rm w?.lch cran”-

fnrms the ctmpucer into ● proaraabl- calculator with
s Iergf memory Esch ●ultipm-eter ●vent is prtoentcd
to thm calculator individually. Iha uomr m-c write ●

prokrm.. in th~ KVAL lerrguas. . ~ich ~p~cifiom how
● ach ●vent is to bw created. The calculator h8= m
#ccrmulat@r which cm contain ● nrmber (eirher .ntaS@r

or floatln~ POlntj. It can teat tho value in tho ●ecu-
mulainr , do ● rlr”borlc wicn It, ●nd um It am ● Chenfr.1

n~b-r of s tpoctr~ In -ory to be ~n~r”.”t.d

W,I1O It cm do both tntascr ●nd floating point srich-

● mtlc. lnte~ar srichotic ie. of courea, much fasror

AIrn”t JO cmmnd.. with cuicabla •rg~erstoi ●re ouf-
flclent to handlw the merrlpulstionm required in wet
typee of date ●cquisit ion. Thit tncludea mscklng ●nd
●hiftins the raw ●vsrrts, condltion~l br~n’hin’ hamed nn
gatins condltion~. parfoml~ ● rlttmetic or bit gsni-
pul=tlon with the ●v@nts lncr~-ntinK ●p~c ra. ●nd
writing the •v~nre CD rep= h 94!ltt10n. ● srsbrnut irre
capblllty S11OWB tho iwer tn invoke MY FORTRAN nr

•as-bl~ lansuage code fot ~re ●pecislimed requir--
m*rrt,.

It. ~IANFLE————

Bofnr@ providing detoilm on tho EVAL larr~ua~o. it ie
lnstruccivo to conci,ler M .m_pl@ that. ●l[hn”gh

relatiwcly ●implel illu~crarot mmny of ica fcaturoa
Tho frillouirr~ is ● cmmplmr~ flvA1. plocodure that IS

givan che D-Q CSORT, followed by ● dlocusm~on of che

progra.

In readins tho progr~ the follnwing points ●hould be
noted:

~1
Uhile ● n-e may be any length. only the flrec
four characters ● r? significant.

2) llie dellmlcers Opacai c-a. ●nd ●quals ●re
●qJiV~lent ●td msy be used incercharr~eably Cc!
i~prc.vt readability

1.
1.
3
4

5.

6.
7.

If
9
10.

Il.
12.

13.

PRO(: GS@ET

KVA
BRA
c OATA ttlmlcl-tmr

roRMAT Cr I

FORHAT GF 1

?OMffAT TAC
RP14C SI
SPsc 61

SP?.C 811
Ltl’FI- f!Tz
~~~~ 8R 1

aPKc BR2
OA1-f! c1
CATR c1

fWFINITI@MS

1 12 I

2 12 1
3 12 3

1
1

3
4

5
6

1 111
I 1 II



14. GATE mm 1 711
15. CAT’S RANDOtJI1 712
16. DATA EVSIZE-3
17. C STARTOF EXECUTABLECODEDEFINITIONS
18. TAPE
19. GET X4t!l
20. It’!c S1
21. CET Y-GE2
22. INC S2
23. GET TAC
24. BRA
25. IF TRU!!

26.
27.
28.
29.
30.
31.
32.
33. ttLSE
34. IF RAND
35.
36.
37.
38.
39.
40.
41.
42. XXT
43. XET

BRA
I? x c1

INC Y ST1
ELSE
IF C2

INC Y ST2
KET

BRA

IF X Cl
INC Y SR1

ImSc
IF C2

INC Y SR2
RT

44. C END OF EVAL Compilation

In the ●bove ●rrmpla, a 3 parmmeter ●xperiment ic
oorted. In l~neo 3-> the thrae paraaetars ●re given
nats and declared to be in words 1, 2, and 3 of the
●vent. “lIre ADC’e produce 12 bite (4096 channels)

which ●re placed in bits 12 to 1 of nach word. The
least aisnificent bit is bit 1 ●nd the wet ●iBnifi-

cant bit is bit 16. Therefore, the declaration of
lina 3 includeo ● ll 4096 :hennel@ while line 5 drops
tht 2 leaot significant b!,tt resulting in ● 1024 chan-
nel par~cter. Thace FORHA’A declarations will be uced
to capila code for masking ●nd ohifting the ave!tta

when they ●e brought into the ●ccumulator with ● GET
ttacement .

In lines 6-11 the 6 ●pectr~ to ba sorted ●re declared.
Spectra S1 ●nd S2 trill bt uned for ainslec. ‘me
others ●re coincidence sperira. me n-bars refer to

data ●rea- that have be- previously define4 by th?

rmer; the fNAL compiler ~etc the information that it
needo (e,~,, type, length, dnd addreos) frrnm a ● emo~y
●llocation file.

In lines 12-11 mmc &ate@ ●re declared, The nmbers

:efer to Spectrrm oet, ●pectr-, mate #et ●nd Sate
button, on the dieplay button pane13, ●nd define

vmriouL ~atec to b. uoed for #orting. In the Los
AI*oc “Z” oyitn, these Bmteo ara intcncifiod regio,~c
of the opectrrm display ●od can ba chanted inter-
●ctively. M line 16 the cowstsnt EVSILE is ●et to 3,
mest.i~ ●ll ●vent. ●ra three wordo ionu. If av*nts

●re not 811 the ●eme n{~e, WSIZE can be oet a. ●

vmiahle,

Line. 18-42 contain the ●nscutable part of the pro-
gram, Line 18 h-o the TAPE co_end and indicetun that

●t this point tha event la to bo placed in ● tspe
buffer. I’& buffer trill ●utomatically be written to

tape *en it io full. In litw 19 tha peramoter deo-
cribed by the format CEJ ia both loaded into the ● rcu-
muletor and oto,erf in the variable X. In liue 20 th-

●pectrrm S1 (o incremented in tha chan,~el conteined 111
the eccmulator, Thu. s mlnglee cpoctrua io creat~d.
Lines 21-22 da ● ●{mllar thins for CB2,

In line 23 the TAC is loaded into the accumulator.
Line 24 ie the first half of ● BRA-NETwhich ends on
line 42. BRA-NETS, together with IF and ELSE are used
to control progrem flow. A group of statements
enclooed by ● BRA-KETpair is seen ● one indivisible
ntatament from anywhere in the progrmo outside of the

BFiA-KET. From inside of the BRA-KET me cm only jump
to ●other point inside the BRA-KET, Line 25 contains
●n IF etatement which terta the ●ccumulator against
the gate TRUE. If the ●ccumulator containa ● number
within the current ●etting of the TRUE gate, the IF

ctatement ie satisfied and the program procecdo to

line 27. If not, it jumpo to the next vieible ELSE or
to the end of the 3RA-KET, in thim cane to the ELSE on
line 33.

Lines 26-32 contain ● BRA-RETwhich will be executed
only if the IF statement on line 25 in satiafied. On
line 27 the value X ia brcught into the ●ccumulator
●nd then teated ●gainat gate Cl. If in the gate, line
28 is executad which fetches Y intc the ●ccumulator
●nd therl increments spectrtan ST1. Control would then
jump to the ●nd of the RRA-KET (line 32). If the gate
in line 27 ia not true, the pro~ram would jwnp to the
ELSE on line 29 ●nd continue by executing line 30. on
line 30 the ●cctenulator io compared to gate C2. If it
ie in the gate, line 31 ia ●xecuted which will bring Y

into the ●cc~ulator ●nd increment apect.um ST2;

otherwise the program will jump to the ●nd of the BRA-
KET (line 32). When the ELSE on line 33 io reached,
control will then jump to the ●nd of that BRA-KET
(line 42) and the treatment of that event will be
ternineted.

Line 34 coiitaina ●n IF statement which can only be
resched in the case where the IF ecatamerrt on line 25
i- not sati-fied. Lines 35.41 contain ● BIU-KET nimi-
lar in str~cture to the BRA-KET in line- 26-32.

To sum up, the illustrated ●orting program has looked
at ● CELI .CELI coincidence. It han produced 6 cpcc-
tra. Two CELI ●inglec (line- 19-22) ●nd 4 coincidence

spectra. There are 2 coincidence spectra of CELI-2
with sates on CELI-1 for both ● TRUE ●nd RANDOM gate

on the TAC. In this exemple, the TAC spectrum io not
being stored, but it would be ●imple to add this with
only 2 c~sndo; ●.g., n SPl!C T c-and ●nd INc T
●fter line 23, In prscticc, one would need to store
this ●pectrrm during tetup in order to ●et the ftaten,
but the INC could then be removed for faster mrrting.

111, TNS EVAL tANCUACE— —.

All EVAL statements ● re one line lent ●nd begin with ●

predcfin-d code word. Following the cod~ word arc
Pooaiblv ●oae par-eters. ‘t?ra notation is:

A ) . ~indic~teo one param?ter of the type deccrib~d

n)

c)

t’))

by the word in thrn . ~, i,c,, ●NAMS;”mean- a

text nemt.

A vertical lina I {c raarf as “or”. ?or
●aampl~, ~DATAIVARIA~Llt. moana ●ilhcr dsta

or ● variable it noedod,

[ ] m~err. m optional paraotor. For example,
●omq r!orrxaands that opsritr on tbn ●ccunrulatok

●lm) ●now ● variable to b~ load-d int(, from th?
●ccuulatnr within that c~anrf.

rn~M ref~rs to ● constnnt, FORHAT is the name of
● word in ●n event , RPEC io the name of ● I or
2 dimons{nnal ●pcrtrm and DATA refero tn ●

constant. definrd by ● DATA specification

● tatemarrt .



fie code wordm ● re divided into 5 main group, ●nd are
listed below. The ●llowed paremeter~ ●re ●lso indi-
cated.

1) DECLAMTIf/NS:—

DATA ~NAME> <VALUE>

SPEC <NAME> <DATAAREANUMBER>

FORMAT <NAME> dORD>c?fS>BIT>dJ3 BIT>

GATE <NAME> 4s 5P Gs G Cs>

VAR2ABLIXNAMI> <VALUE >

OPTION <NAUE> [’QIAHE, NANE...,>]

2) DATA ANO SPECTRUNMANIPULATION:

GET [<VAfi>] <FORMAT >

INC [c VAR>] <SPEC>

TXNC [<vAR>] ~PEC >

LDA <NUNIDATAISPEC IVAR>

STA <VARISPECIFORMAT>

SUB <NUMIDATAiFORMAT>

ADD <NUNIDATAIFORMATISPEC>

NUL <NUMIDATAIFOR14AT~

DIV < NUMIDATAIFORMT >

CM

Fxx

FLOAT

INDEX I<NUNIDATAIVARSI

3) BIT NANIfWLATION:,—

LStt ~INTf!GERIDATA ~

ASH <IN1’tWERIOATA~

OR ~INTECERIDATA lVARIFORMAT~

AND <INTECCRIDATA IVARIFORJ4ATJ

XUR ~INnCtRIDATA lVARIFOWT~

4) PRo(MN FILM CONTROL:——.

BRA

KI!T

IF [.VAIt.] .CATI! ILOGICALTIST~

I!LME

NARK

8UBI [<VAR.]

1) NRITIW Tttl! EVENTS TO TAPK:—— .....——.—.. ——-.. -—

TAPI! [ ~ FORMATIVAR * ]

The functions of the code words tiich were nc,t
used in the exemple are:

OPTION:

VARIABLE :

TINC:

LDA :

STA:

A11OWScertain options to be in
effect during compile time. For
●xmmple, NOEVprevents the i.orml
●vent counter (for dead-time cor-
rections) from being added to tire
code, ●nd SANP createc a variable
uced for sampling oKIly part of the
data buffers.

Defines an EVALvariable ●nd gives it
●n initial value.

IS the cmme ●s INC ●xcept the channel
number in the ●ccumulator is teoted
●gainst the oize of the cpectrum
before the rpectrtm channel is
ir.cremented.

Load the accumulator.
c

Store the ●ccumulator.

SUB,ADD,NUL,DIV: Perform thooe operations on
the ●ccumulator, lc~ving the result
in the ●cctmw!.ator.

Cfis : change the sign of the ●ccumulator.

FIX, FLCAT: Fix or float the ●cctmnrilator,

INDEX: Tran-fer ● value from the ●ccumulator
to the index register, The index

regimter is uoed for examining 2-
dimensional gmte~ ●nd for indexing
into s spectrum+

LSli : Utgical ohift nn acctxnulator.

Astf : Arithmetic shift on ●ccumulator,

OR: Logical OR 10 the ●ccumulator.

ANO: Logical AW to the ●ccumulator,

XOR: Xxclucive OR to the acctmtulator .

NARK : Denote the beginning of ●n event
loop in thr ltVAL progrxrn. Can be
used , for ~aampl@, with th~ TAPE
ALL ●nd 0PT19N SANP cwmanda to

trarofer the ●nti~e data buffer to
the tape buffer wt,{le hiato&rmmm\nR
only ● ●mpl*,

sun 1: Nam@ of ● FORTRAN or ●a~embly languase

suhrout{na to b~ cslled. Up to 8 uaar
written ●ubrout(rree ma: b- uaerl

(Surll . . . ..fnm).

The load ●crau:ator (LDA), store ucc~ulator (STA)
srrd ADD ctw..ands alao EI1OW op~rationn on ●pcctra. In

theco cac~o th~ chnnncl ntwcb~r to br loaded into the
●cctmulrntor , ntorcd into from th~ ●ccumulator or ●dded
to tho ●ccumulator must ba in thm indwx ~eg{~tar.

l%i- optlrm ●now-, aorr~ nthor thin~o, th- capability
of mulliocalin~.

Vtriablao (VAR) ● re n~oo of mtmoty locations 41$.I ●ro

daclarod impllclty by tholr uae in ●tatemerrts .}r by

th- VARL4BLK -ldlewe[tt, Vaiisblofi dofinad In ●n EVAL

codo may be rhang.d “on tha fly” hy ● “Z” cmdnif,
FVS17.E ● uot be included in ●ach prosrmm, ●ithar so ●

DATA constan~ or ● a a VARIASLE. It m,i-t b. cot •qu~l



to t-)e ●i~e of each event in 16 bit words. At the end
of the EVAL program the ●vent pointer is incremented
by EVSIZE ●nd the progrem is entered ●gain ●t the top

if there ●re more eventc in the buffer.

lhe entire YfVAL progrem mumt be contained in ● BRA,

SST pair, i.e. the first line of the progrem muot be
BRA ●nd the last line must be KET. Upon encountering
the f~,oel SET the compiler ccmpletes the code, in-
etelle it ●t the proper location in memory, ●nd ●xite.

cOMPILERDETAILS

The E! compiler is ● FORTSAN code that contain-
●aeermb y-language inotructiono ●e hexadecimal op-codee

in ● data statement. The normal mnemonic for the op-

code ie ueed whenever po-tible. Memory it ●llocated
on m 256-word psge besis ● s needed, ●nd instructions
wtd locetionm ●re l~aded into this #rea ●o the com-
piler interpret EVAL cormasndo. A global comon de-
fined by the progrem cantains the pege numbere of the

code ●n well ●s ●pect?m ●nd gate deecriptione ●nd
variebles defined by the c~atdc. The c~ands •~e

normally read frti c directories text fiie on disc
which cen be included in ● ueer’e oetup procedure or
cen be a etend-alone file, A metro procesoer
ctpebility with ●rsuments ●llowe duplicating eecl,iona
within the EVALcod- with minimm ●ffort.

A local cymbol table keep. track of ●ach item neme,
kind, and value ● c cmmrde ●re ●ncountered. The
available c~mtd mnemonice ●re ●loo etored in thie
table by the pro~rem, Thue if text is proeent in a
cmaend, the proSrem firet looke to cee if ●n oper-
stion, opactrum, gate or verieble by that nxme ha-
boen previwely defined. If not, ●nd the operation ie
●llowcd, the unknown text is ●corned to be ● naw vari-
●hle ●nd this is in~crted in the table. Appropriate

● rror ●eee~ges ●re Senerated if required.

The HOOCCMP 15 general purpose regietarc ● re uood in
the ●orting cod~ ● e follow-:

1
2
3

epara

epero
index register uoed with 2-D Satas ●nd

the LDA, STA ●nd ADD c~anda

b~oo ●ddroni of the currant ●vent
npare

firut ●ddreaa of th~ ftVAL varithloe
scratch
scratch

#cratch

return ●ddreno in celling pl’osrem

ler~ addr~oa of input dvent buff~r
●xtra ●r!cwulator ●xteneirrn
●xtra ●ccmulrntor
acc~uletor ●mtancion

●ccumul at or

The pro[ra koep~ trstk of the sct!wulator otatu.

(intugor, real , or undefined) ●nd the index ragintor
otatuo during the c~frilatirtn. Uoxo cmandc ren
●utomaticel]y flx or float the ●ccuul atot •~ noc@a -

●ary fer proper opernt ion, rArlls otharc civo mrrnr

meteeges for M improper sequence,

three tha ●orting progr~ (e compl~t,d mrrf tho KVAL

compiler ●mite, taoha ● re ●ctlveted by ●pprokrriat~ “Y,”
c~enda for dato scqu~~~tlon or ttpo reading. up to
8 KVAL tseke can rrm elmultenooualy for ●ech ua.r,
●st’h indeponttontiy oorting .rrd Otrtrlns ●ultipat-otor

data by branchinI to the corto compllod for chat tamk.
fic tookt ●ro ronrmad by {ntetrupt rhc!l the r?apertive

input date blffera ero f{llod, Won (ho deta 10

●ctivuted, the buffer- ● re filled by DMAtranofer
ueing liet~ of CANACcommando stored in the Differ-
ential Branch Driver4 interface. When Storing ●vent
data on tape, the tape buffers ●re filled automati-
cally by the ●orting teske and written when full. llre
user need not be coi]cerned with the-e deteils, but
need- only to construct the ●orting inetructione for
each event.

If ● change in the ●orting ●lgorithm i- required, the
ueer can ●asily make neceesary chengea in the EVAL

nource text ●nd execute the EVA commend to compile the

new vereion, Upott completion, the EVALcompiler auto-
matically inetells the new machine language code in
the ●orting task ●nd date acquisition can begin again.
If frequent changee in the eorting ●lgorithm ●re re-
quired, EVALvarirnble~ can be inrnerted in the code and

conditional brenching on theee variableo produces
●lternative paths, The velue of EVAL variables can be
interrogated or changed et ●ny time by ●ppropriate “Z”
cormmnda.

t

T%e external subroutine capability is not ● s ●esy to
implement, but can be extremely powerful for certain
●pplicationu. When the EVAL compilor encounter a
SUBn cormnand, code is generated to save the ●ctive

registers ●nd brm,ch to the subroutine through ● table
in the croon ● rea. lf vsriablee are to be psssed ● o

●rgumente, their ntmber ●nd ●ddreesee ● re ●lso
genereted. The actual ●ddreaa for the subroutine is
put into the c-on by the eorting ttok *en it i.

loaded. In order to implement M new oubroutiiie, the

●orting tack ●uet be re-compiled tnd linked with the
cuetom rout ina. A ●imple job-control procedure exio:c
in the oyotem for ●ucomplithing this.

v, APPLICATIONSAND RESULTS

HAL w~s implemented ●t Los Alemoo only ●bout 9 rnontha
●to, but io #lready uatd in ●eny differmt ●pplica-
tionn, ftany of tha ucars have onv~rted from th?

3salcral multipsrem~ter codr MUL tn order to t.akr

●dvmrtaSt of th~ increaned eorting op@@d ard flexi-
bility offered by KVAL, For thesa cases, includinu
●ultiple })articl~-t~le~copec, nautrrrn time-of-flight ,

CELI coincidence, ●nd wirwch~mbcr proprrrt ional

countere, the ●orting eparda ● ra rouuhly 4-() timen

faoter . KVAL {m ● ore efficient primarily hscause the
oortins ●lBorithm i- “compiled” into th~ coda rntt,o!
than inttrpr~ting ● IarBe data eLructur@ to Be: tho
cortinfi inotructlona.



where word lengths of 24 bits ●nd memory up to 16
megaworda will be ●vailable for multi parmeter
sorting.
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